SYNOPSIS Whole blood was passed through glass bead filters and the retention of platelets studied under various experimental conditions. Platelet retention was similar over a wide range of blood flow rates; however, it was decreased at fast rates of flow. Platelet retention was not influenced by the haematocrit value of the blood over a wide range. Retention in filters containing siliconized beads was similar to that in filters with untreated beads. Platelet retention was inhibited by the addition of citrate or adenosine to the blood before passage through the filter and was also less when the blood was cooled. Heparin and phenylindandione therapy did not affect the results.
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There was a wide range of results of platelet retention tests with normal blood samples and considerable variability between the results of duplicate samples from the same donor. Repeated testing of normal donors over a three-month period gave results which varied widely within the normal range. Twenty-two of 40 uraemic blood samples showed decreased platelet retention. The mechanism of platelet retention from whole blood by glass bead filters is not clear but may be related to platelet aggregation induced by adenosine diphosphate or other aggregating agents.
The recent introduction of tests to measure various aspects of platelet function reflects the increasing awareness that abnormalities of platelet adhesion and aggregation may be important both in thrombotic states and in certain bleeding disorders. One such test is the measurement of platelet retention when citrated (Hellem, 1960) or native whole blood (O'Brien, 1961; Salzman, 1963a ) is passed through a filter of glass beads. It is not clear what aspects of platelet function are involved in tests of this type, but it is possible that both platelet adhesion to the glass beads and the production of platelet aggregates cause retention of platelets by the filter.
Salzman (1963a) withdrew venous blood directly through a glass bead filter interposed between the needle and a vacutainer. The difference between a venous platelet count obtained from a second venepuncture and the platelet count of the blood which has passed through the ifiter was a measure of platelet 'adhesiveness'. Decreased 'adhesiveness' occurs in von Willebrand's disease, thrombasthenia, uraemia, and during extracorporeal circulation (Salzman, 1963 a and b; Salzman and Neri, 1966) . The decreased platelet 'adhesiveness' in von Willebrand's disease has been confirmed by Strauss and Bloom (1965) This paper reports an investigation of the retention of platelets by glass bead filters under various experimental conditions to assess some of the factors which may cause variability in this test. Since we wished to carry out manipulations on the blood in some instances, venous blood was collected into a syringe and then passed through the filter rather than withdrawn directly through the filter into a vacutainer.
METHODS

DESCRIPTION OF THE TEST Venous blood was collected
with minimal stasis and absence of frothing through a 19 SWG needle into well-siliconized or plastic syringes.
The needle was removed and the syringe immediately fitted to a plastic tube containing glass beads. Constant pressure was exerted on the plunger of the syringe so that 2 ml. of blood issued from the distal end of the plastic tube in 30 seconds. This blood was collected into a small bottle containing 4 mg. dipotassium sequestrene. The remaining blood in the syringe was placed in a second bottle also containing sequestrene. Platelet counts were performed on both blood samples. The decrease in platelet numbers, expressed as a percentage of the platelet count of the unfiltered sample, indicated the percentage retention of platelets in the glass bead filter.
The filter was constructed as follows: two discs each of diameter 3-2 nun. were cut from stainless steel mesh 710
Retention ofplatelets by glass bead filters (200 In experiments designed to study the effect of temperature on platelet retention, the glass bead filter unit was placed in a length of glass tubing closed at either end with a perforated rubber bung. The outer glass tubing was partially filled with water and held for one hour at -20°C. and then at room temperature until the ice began to melt. Parallel observations were made using both the cold filter unit and one at room temperature.
Observations with a thermistor in the tubing showed that blood was cooled to an average of 27°C. on contact with the glass beads.
In some experiments, the glass beads were siliconized before incorporation into filter units, the beads being soaked with frequent agitation in a beaker containing a 1 % solution of Silcote SF. 114 in distilled water. They were then blotted on filter paper and dried for 30 minutes at 250°F. in a hot air oven.
Tests were carried out on normal individuals, on patients receiving anticoagulant therapy with either heparin or phenylindanedione (Dindevan), and on patients with anaemia and polycythaemia. Tests were also made on patients with uraemia as part of a wider study of platelet dysfunction in that disorder.
In some experiments, native whole blood which had passed through the filter was collected into a polystyrene centrifuge tube and centrifuged at 16,000 r.p.m. for 10 minutes in a refrigerated centrifuge at 4°C. Immediately thereafter, 1 ml. native plasma was mixed with an equal volume of 0-6M perchloric acid to precipitate the proteins. The supernatant was neutralized with one half volume of triethaneolamine-potassium carbonate buffer and tested for platelet clumping activity, using the change in optical density of citrated, platelet-rich normal plasma as an indicator system (Born, 1962) . As a control, adenosine diphosphate was added to native whole blood before passage through the filter and native plasma prepared and treated with perchloric acid as described above. The amount of A.D.P. added was such that the concentration in the neutralized perchloric acid extract should have been 2 jug./ml. provided that no degradation had occurred. In 33 normal subjects, no correlation was found between the haematocrit values of the blood, which ranged from 38 % to 48 %, and the percentage platelet retention.
RESULTS
NORMAL SUBJECTS
In five patients with iron-deficiency anaemia who were not suffering from haemorrhagic disorders, the haematocrit values ranged from 27 % to 320% (mean 30%Y.) but in all the percentage platelet retention was normal, results ranging from 49 % to 79-5% (mean 71-5 %).
In five patients with polycythaemia vera, the haematocrit value ranged from 51 % to 77 % (mean diluted with varying quantities of 0-85 % saline, using the multiple syringe technique to collect volumes of blood into different volumes of saline. Table IV records the results of tests in six normal donors; the degree of dilution is indicated by the change in haematocrit of the blood sample, the first result in each series referring to the percentage platelet retention using undiluted blood. In subject A, platelet retention became abnormal when the haematocrit was reduced from 45% to 25%; in subject D, reduction of the haematocrit to 33% from 43 % caused abnormal platelet retention and EFFECT OF CITRATE Blood was withdrawn from a normal subject and a portion immediately passed through the filter, as described above, to measure the percentage platelet retention. A portion of the remaining blood in the syringe was mixed with 1/10th volume of 3-8 % sodium citrate and the citrated blood passed through a second filter. A further portion was mixed with 1/10th volume of 0 85 % saline and passed through a third filter. Platelet counts were performed on the citrated and saline-diluted samples before and after passage through the filters and the percentage platelet retention of the citrated and saline-diluted bloods were compared were that of the native blood samples. In three tests on different donors, percentage platelet retention in native blood was 353%, 64-5 %, and 57T0 %; in the saline-diluted blood, 14-5 %, 32-8%, and 250%, but in the citrated blood it was 1-0%, 0-0%, and 5-3% respectively. The mean values were 52-3 % for native blood, 24-1 % for saline-diluted blood, but only 2 1% for citrated blood.
EFFECT OF TEMPERATURE Nine experiments were performed on duplicate normal blood samples, one of each pair being passed through a filter unit at room temperature, the other through a unit jacketed in ice water. The results (Table V) are difficult to interpret because of the known variation in replicate tests described above. However, with a single exception, platelet retention in the cold filter was less than in the other. In one test platelet retention was 67-6 % in the filter at room temperature and only 3 4% in the cold filter. The mean value was 64-6 % using the filter at room temperature and 44-7 % with the cold filter. In control experiments without the addition of adenosine, all blood samples showed normal platelet retention.
EFFECT OF SILICONIZED BEADS In five tests with normal blood, platelet retention was estimated in filter units containing siliconized glass beads (Table  VI) . In three experiments platelet retention was not significantly altered; in two experiments, siliconized beads caused less platelet retention than normal, but the mean differences were not striking. (Fig. 2) , when blood from the same syringe was passed through two filter units, suggests that errors in platelet counting or differences in filter units are the most likely explanation for the wide range of normal results. Minor differences in blood flow rates appear unimportant (Table II) Retention ofplatelets by glass bead filters although platelet retention is decreased at very fast flow rates (Table III) . The haematocrit value of the blood within the test range of 20% to 77% does not appear to influence the results. There was no correlation between haematocrit and platelet retention in normal individuals; platelet retention was normal in patients with iron-deficiency anaemia and with polycythaemia vera, and dilution of blood with the donor's own heparinized plasma did not affect the result. These observations differ from those of Hellem (1960) , who found a correlation between platelet retention and haematocrit in a test system using citrated blood and a glass bead column. However, our results agree with those of Salzman and Neri (1966) who found no correlation between platelet retention and haematocrit in uraemic blood.
Dilution of blood with saline sometimes reduced platelet retention in the filter units. Since the reduction is not primarily related to haematocrit, the effect of saline dilution is probably due to a decrease in blood viscosity.
Despite the rather poor replicability of the results recorded in Fig. 2 , no sample of normal blood has shown a platelet retention value below 30%, even on repeated testing (Table I ). The observation that 22 of 40 patients who had persistently raised blood urea values gave a result below 30% indicates that the test may have clinical value.
When platelet-rich plasma is vigorously stirred after the addition of adenosine diphosphate, a rapid and marked clumping of platelets occurs (Born, 1962) . Platelet aggregation may be initiated by a variety of other substances, including thrombin, adrenaline, noradrenaline, and 5-hydroxytryptamine (Mitchell and Sharp, 1964) . It is possible that platelet retention in the glass bead filter test could be the result of aggregation with trapping of the aggregates; indeed, Salzman (1963a, b) observed platelet clumps in a column of glass beads through which native blood had been passed, and O' Brien and Heywood (1966) found that the addition of glass beads to stirred heparinized plasma will produce platelet aggregation. The passage of blood through the filter could cause sufficient mechanical cell damage for A.D.P. release and the extreme turbulence would give rise to many platelet collisions, providing the conditions necessary for aggregation to occur. Some of the present findings provide indirect evidence for such a mechanism of platelet retention. Thus platelet aggregation induced by A.D.P. requires the presence of calcium ions and the reaction is inhibited by adenosine (Born, 1962) . Platelet retention in the glass bead filter was inhibited by both citrate and adenosine. Furthermore, platelet aggregation induced by A.D.P. is temperature dependent, being less at low temperatures (O'Brien, 1962) , and the present findings with cold filters suggest that cooling the blood also reduces platelet retention. Therapeutic doses of heparin or phenylindanedione do not affect platelet retention in the filter or aggregation of platelet in plasma induced by adenosine diphosphate.
We failed to demonstrate A.D.P. in plasma obtained from blood issuing from the filters. Although it is possible that any A.D.P. liberated was degraded before perchloric acid precipitation, this appears unlikely since our manipulations were carried out rapidly at 4°C. Furthermore, small amounts of A.D.P. added to blood before its passage through the filter could be demonstrated in the neutralized perchloric acid extracts. Hampton and Mitchell (1966) indicated that A.D.P. could be adsorbed onto the surface of platelets or onto uncoated glass and such a mechanism could account for our failure to demonstrate adenosine diphosphate.
Tests for platelet aggregation induced by A.D.P. should give similar results to those of platelet retention in glass bead filter units if A.D.P.-induced aggregation is the cause of the latter. Salzman and Neri (1966) described normal platelet aggregation in uraemic blood; however, decreased aggregation has been reported by Castaldi, Rozenberg, and Stewart (1966) when bleeding was present. We have performed both platelet retention and aggregation tests on blood samples from 17 patients with blood urea concentrations greater than 100 mg. %. There was correlation between the two results in nine cases; in seven, the aggregation test was abnormal while platelet retention was normal, and in one, the position was reversed. It appears that the platelet aggregation test is more sensitive than the glass bead filter test as an index of the platelet disorder in uraemia, but the results do not disprove the suggestion that the mechanism of both tests is similar. The observation that platelet aggregation is normal in von Willebrand's disease, whereas the glass bead filter test produces an abnormal result is more difficult to interpret. Again, the difference may be simply one of sensitivity, as platelets from patients with von Willebrand's disease are reported to react abnormally to low concentrations of A.D.P. (Vainer and Caen, 1964) .
Normal platelets adhere readily to glass (Wright, 1941) , possibly due to the presence of exogeneous A.D.P. (Jones, 1966) . Platelet adhesion to the glass beads could account for retention of platelets in the filter; however, this appears unlikely since comparable retention was obtained using siliconized and untreated glass beads, indicating that the result is largely independent ofthe state of the bead surface. The evidence favours platelet aggregation as the
